The severity of workplace injuries varies by industry. Information on workplace injuries can enable firms and governments to effectively improve their safety performance based on the specific contexts of each industry. Incorporating the three workplace injury rates (being wounded or ill, disability, and death), a data envelopment analysis (DEA) model is developed to evaluate the safety performance of 17 industrial sectors in Taiwan. The results suggest that the Taiwanese government should pay particular attention to the mining and quarrying industry, which has the lowest safety performance. Additionally, the results provide abundant information for the Taiwanese government to design industry safety regulations in a way that may prompt firms to develop a sustainable economy by improving their health and safety practices and enhancing their overall safety performance.
Introduction
Both in society and within firms, safety is becoming increasingly important for the development of a sustainable economy [1] . In 2015, 55,105 cases of workplace injuries (which include being wounded or ill, disability, and death) occurred in Taiwan, leading to the disbursement of labor insurance benefits. This sizable number of cases is far from the zero-accident goal for which the Industrial Safety and Health Association of the R.O.C Taiwan has campaigned since 2006. Thus, firms and the government face pressure to address these workplace injuries [2] . Workplace injuries can be used as a comparative measure of safety performance [3] . These injuries are considered an undesirable output in business operations and business activities that are detrimental to firms' productivity and business performance [4] [5] [6] [7] . Workplace injuries negatively affect not only business activities [8] , but also the competitiveness of countries [8, 9] . Thus, investigating the safety performance of business operations is important for improving the strategies and policies to reduce workplace injuries.
Decision-making is the selection of a procedure that weighs alternatives and provides improved strategies for inefficient organizations [10] . Various mathematical approaches have been used to develop decision-making models. One such approach, data envelopment analysis (DEA), makes sense to consider the decision-making unit (DMU) as it uses fewer inputs for the same or higher levels of output to arrive at the same level of performance as a better performer. A growing body of research has used DEA to explore methods for assessing safety performance. For example, Hermans et al. [11] used the output-oriented Charnes-Cooper-Rhodes (CCR) model to evaluate road safety performance in countries and used the number of crashes and casualties as outputs. El-Mashaleh et al. [12] incorporated five types of work accidents into the output-oriented CCR model to evaluate the safety performance of construction contractors. Shen et al. [13] used the output-oriented CCR model to evaluate road safety performance in countries and considered mortality rate as an output. Finally, Egilmez and McAvoy [14] incorporated fatality rates into the output-oriented Malmquist productivity
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Safety Performance
Workplace injuries can be regarded as a proxy for firms' safety performance [22] . Previous researchers have shown that over 80% of accidents result from unsatisfactory management [22, 27, 28] . Accidents may develop from a sequence of deficiencies involving poor safety management and poor comprehensive management systems [22, 29, 30] . Workplace injuries can also contribute to employee stress and job dissatisfaction and further increase turnover rates [31] [32] [33] . Employee turnover leads to the loss of valuable knowledge and skills that employees have developed throughout their experience and training, and to the loss of organizational memory, which negatively affects a firm's productivity and business performance [4] [5] [6] [7] . Thus, workplace injuries are unwelcome byproducts of economic activity [12, 22] . Researchers have begun to consider workplace injury rates as unwelcome (undesirable) outputs in assessing the safety performance of business operations in a single sector or industry (e.g., [11] [12] [13] [14] ). This paper assumes that the three workplace injury rates are undesirable outputs.
A number of studies on workplace injuries use econometric models to investigate the factors affecting safety performance (e.g., [1, 22, [34] [35] [36] [37] ). In addition, some studies focus on the prevention of errors in business operations that can reduce safety risks for hospital workers [38] , airline workers [39] , and highway traffic workers [40] , among others. The econometric model presents production functions. The estimated expected values are not employed to further assess the safety performance of the DMU, nor does the model provide improved strategies for inefficient DMUs.
Data Envelopment Analysis
DEA has been widely used as a method for assessing the safety performance of business operations. It generally assumes that more desirable outputs for fewer inputs improves efficiency. Recently, scholars have begun to work on the desirable outputs of economic productions and the occurrence of undesirable outputs [41, 42] . Undesirable outputs have received considerable attention in the ecological and environmental literature (e.g., [16, 18, [43] [44] [45] [46] [47] [48] ). Undesirable outputs require consideration in sustainable development policy objectives (e.g., [42, 49] ). They also appear in many other areas, such as health care (complications of medical operations) [41] .
The CCR and BCC models assume either an input or an output orientation. The use of a non-oriented SBM model can simultaneously measure the total input and total output of the slack variables [50, 51] . In addition, this model is a remarkable alternative largely due to its ability to address undesirable outputs [16] . Incorporating workplace injury into the non-oriented SBM model to measure safety performance can, thus, provide three alternatives for safety strategy decision-making: (1) maximizing desirable outputs and maintaining workplace injury or inputs at the current level; (2) minimizing workplace injuries or inputs and maintaining desirable outputs at the current level; and (3) increasing desirable outputs and decreasing workplace injuries or inputs simultaneously. Therefore, the non-oriented SBM model is recognized as the basic model for measuring the safety performance of business operations. Through slack variable analyses, this model can measure the difference between the goals and objectives of management strategies [42] . Therefore, a non-oriented SBM model is used in this paper to obtain a strong complementary solution.
Research Method
The three workplace injury rates are treated as undesirable outputs in the model. This paper assumes that there are n DMUs to be evaluated. Each DMU j (j = 1, . . . , n) has m inputs x ij (i = 1, . . . , m) and produces p desirable outputs y d rj (r = 1, . . . , p) and q undesirable outputs of workplace injury rates y u kj (k = 1, . . . , q, q = 3). Therefore, the non-oriented overall efficiency ρ is defined by:
Subject to:
where s − i is the slack in the i-th input, s d r is the slack in the r-th desirable output, and s u k is the slack in the k-th undesirable output. In this model, 0 < ρ * ≤ 1, and s * = 0 and ρ * = 1 are representative of a given DMU 0 with SBM efficiency. Using the optimal slacks s
in Equation (1), the SBM score ρ * can be decomposed as follows:
where:
This is useful for estimating the sources and magnitudes of inefficient industrial sectors relating to the respective inputs-desirable outputs and undesirable outputs-of workplace injury rates for a given DMU 0 .
Data Sources and Variables
The process of economic output may generate occupational injuries [23] . Economic output and occupational injuries are intimately related [23, 52] . Scholars agree that economic variables should be included in a measure of the safety performance [12, 53] . Gross production value (y d ) represents actual economic results at the field level. Previous studies have considered the gross production value (y g ) as the industrial output (e.g., [54] [55] [56] [57] ). This paper uses the outputs of gross production value (y d ) and the three workplace injury rates (being wounded or ill (y u 1 ), disability (y u 2 ), and death (y u 3 )). The economic output of course requires the input of economic resources. Previous studies have suggested that the consumption of fixed capital (x 1 ) (e.g., [58] [59] [60] [61] ) can be considered as the input of economic resources because it represents the investment in the value of the fixed capital used in the process of economic output. In addition, employees are the main input in economic activity [62] [63] [64] . The data that concern employees include the employee turnover rate (x 2 ) and their working time. Higher turnover rates tend to correlate with higher accident rates because they often reflect more new hires on the job [65, 66] , and new hires are more likely to experience workplace accidents [65] [66] [67] . Conversely, a lower turnover rate reflects a higher proportion of older employees, who tend to have more experience and knowledge about safety and how to safely work in their specific environment [68] . Thus, employee turnover (x 2 ) negatively affects the safety performance of business operations [67, 69] . Pursuant to the regulations of Taiwan's Labor Standards Act, the regular working time cannot exceed 8 h a day or 84 h every two weeks. Overtime work can lead to greater fatigue, which can undermine employees' safety awareness. Studies have shown that employees who work overtime (x 3 ) face a greater risk of workplace injury [70] [71] [72] [73] [74] . This paper uses the inputs of the consumption of fixed capital (x 1 ), the employee turnover rate (x 2 ), and overtime work (x 3 ). This paper assesses the safety performance of major industrial sectors in Taiwan in 2015. According to the Standard Industrial Classification, this paper defines 17 industrial sectors: mining and quarrying; manufacturing; electricity and gas supply; water supply and remediation activities; construction; wholesale and retail trade; transportation and storage; accommodation and food services; information and communication; finance and insurance; real estate and residential service; professional, scientific and technical services; support service activities; education; human health and social work services; arts, entertainment and recreation; and other services.
The variables-such as the industry-specific and annual data in the consumption of fixed capital and, more generally, employee turnover rates (x 2 ), overtime work (x 3 ), and the gross production value (y d )-were gathered from the Statistics Committee of Directorate General of Budget, Accounting and Statistics, Executive Yuan of Taiwan [75] . The three workplace injury rates (being wounded or ill (y u 1 ), disability (y u 2 ) and death (y u 3 )) were collected from the official statistics of the Ministry of Labor [76] . Table 1 provides a description of the variables used in our empirical model. 
Results and Discussion
Data on the three workplace injury rates (undesirable outputs) and other variables for the 17 industrial sectors are compiled in Table 2 . The table shows that it is particularly dangerous for Taiwanese workers to work in other services, construction, and water supply and remediation activities, where the workplace injury rates are, 2.8687, 2.0795, and 1.5270, respectively, all exceeding the national average of 0.8875. Other services (2.6545%) has the highest rate of being wounded or ill, followed by construction (1.9599%) and water supply and remediation activities (1.3976%); and electricity and gas supply (0.0973%) has the lowest injury and illness rate. Mining and quarrying (0.4359%) has the highest rate of disability, followed by other services (0.1841%) and water supply and remediation activities (0.1078%); financial and insurance activities (0.0083%) has the lowest disability rate. Finally, mining and quarrying (0.0769%) has the highest death rate, followed by other services (0.0301%) and construction (0.0230%); human health and social work activities (0.0012%) has the lowest death rate. These findings illustrate that the three workplace injury rates vary significantly between industrial sectors. As injury severity levels vary, this study attempts to improve safety policies in order to decrease the three workplace injury rates in inefficient industrial sectors. The various rates of workplace injuries must be incorporated into the evaluation of safety performance, rather than considering only the sum of the three rates.
This paper investigates the various rates of workplace injuries for safety performance, and the results are summarized in Table 3 . This table shows that five industrial sectors with an SBM efficiency score (ρ * ) of 1.0000 (which includes manufacturing, wholesale and retail trade, financial and insurance activities, education and other services), used as a benchmark for the other industrial sectors. The remaining 12 industrial sectors do not perform efficiently. Mining and quarrying has a very low SBM efficiency score (ρ * ) of 0.0490. The industrial sectors achieved an average efficiency score of 0.4272 in 2015. These results indicate that Taiwan's industrial sectors continue to have room to improve their safety performance in this business operations environment.
Inefficient industrial sectors that require improvement in safety performance are determined through slack variable analysis (see Table 4 ). As can be seen, all of the gross production values were satisfactory. The average gross production value of each industrial sector increased gradually over the 2010-2015 period. This implies that the economic output of the industrial sector has been given considerable attention. Mining and quarrying (0.0008) has the greatest difference between the disability rate and the death rate. Taiwan's Labor Safety and Health Act requires that employers provide workers with at least six hours of training and that workers pass a health and safety test before working. However, the six hours of training may not be sufficient to increase employees' health and safety knowledge to the point of reducing dangerous actions or to enable them to identify hazards. In addition, increasing safety investment in the number and quality of professional personnel and management personnel could contribute to reducing severe injuries and death in the mining industry [22] . Construction (0.0166) has the greatest difference between the rates of injury and illness. Idrees et al. [25] proposed that mental stress should be considered in the workplace for the health and safety of construction workers. Taiwan's construction industry has a very high incidence of illnesses and injuries [67, [77] [78] [79] ; possible reasons include (1) the inherently hazardous nature of construction projects; (2) personnel factors; (3) environmental and equipment factors; (4) project factors; and (5) management factors [69, 78, 79] . To reduce the rate of illnesses and injuries in the construction industry, it is important to implement required health and safety practices and provide effective training to ensure that all employees follow these requirements when working [79] [80] [81] . Electricity and gas supply should reduce the amount of overtime work performed by employees. These industrial sectors should adopt precautionary measures, such as adjusting the amount of overtime and averaging workloads to improve safety performance. Moreover, the difference in the employee turnover rate for accommodation and food service is 8.5203. This sector has the highest employee turnover rate in Taiwan and has often struggled to attract quality talent because of its relatively low wages. The low wages are often attributed to the part-time or seasonal nature of the work. Management in this industry should provide workers with improved wages and more stable working conditions. In addition, Ho and Kuo [82] suggested that employees should show a degree of caution when working with a new team member and not trust their firm's ability to ensure that new employees work safely and have the relevant contextual knowledge. These suggestions are important when choosing appropriate safety management practices and implementing them effectively. Table 5 shows the primary sources and magnitudes of inefficient industrial sectors using decompositions. The primary sources and magnitudes of most inefficient industrial sectors are overtime work and death caused by excess. Davies et al. [83] observed that both minor and major injuries are related to working overtime. Indeed, overtime work can lead to greater fatigue, which can undermine employees' safety awareness and health. This information may increase the Taiwanese government's understanding of the improvements required for each industrial sector and enable it to make subsequent improvements.
Sensitivity analysis can examine the stability of efficiency scores by omitting an efficient industrial sector and consequently, changing a reference set for the industrial sector. Table 6 shows the results of evaluating industrial sectors using sensitivity analysis. A group of efficient industrial sectors (i.e., wholesale and retail trade, financial and insurance activities, and other services) considerably influence the magnitudes of the efficiency scores estimates of other inefficient industrial sectors at the level that some inefficient industrial sectors may become efficient if the industrial sector belonging to the group is omitted. The other group of efficient industrial sectors (i.e., manufacturing and education) do not have such a major influence on the inefficient industrial sectors. 
Conclusions
Workplace injuries are an undesirable output within business operations and economic activities. A number of studies of workplace injuries have used different econometric models to investigate the factors that affect safety performance. It is difficult for these studies to provide comprehensive policies for improving safety performance for policymakers. An efficient safety policy is required to reduce workplace injury. To design such policy, policymakers must select an optimal set of measures. Therefore, we developed the DEA-SBM model, which incorporates three workplace injury rates (being wounded or ill, disability, and death) to evaluate the safety performance of 17 industrial sectors in Taiwan. This paper revealed that mining and quarrying has lower levels of safety performance than the other industrial sectors. Additionally, the paper used slack variable analysis provided by the Taiwanese government for improving safety performance based on the specific contexts of each industry. Using inefficiency decompositions, this paper found that the primary sources and magnitudes of most inefficient industrial sectors are overtime work and death rates caused by excess. Based on this finding, government policies can give priority to addressing these two issues.
Future researchers may consider using the dynamic DEA model to measure changes in efficiency scores over time and to further explore the effects of common factors (such as business cycles) on the safety performance of business operations. Asfaw et al. [84] demonstrated that the incidence of workplace injuries varies with economic fluctuation.
